Farnesyl caffeate, synthesis of propolis and polar bud excretion, has been reported to exhibit anti-allergic effects in mice. However, little is known about anti-tumor effects. In this study, we investigated the effect of Farnesyl caffeate in cell proliferation of lung carcinoma cell line (H157). Antiproliferative effect and apoptosis on H157 cell were evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay (MTT) and DNA fragmentation assay, respectively. Farnesyl caffeate inhibited the growth of H157 cell in dose-dependent manner. Morphological changes of nuclei by staining Hoechst 33258 and DNA fragmentation suggested that Farnesyl caffeate induced death involved in a mechanism of apoptosis. Moreover, caspase-3, caspase-7 and caspase-9 were activated by Farnesyl caffeate on H157 cell. The protein expressions of Bax and Bcl-2 were down-regulated by Farnesyl caffeate, resulting in cytochrome c release from the mitochondria. Farnesyl caffeate significantly increased the expression of p53 proteins which indicates that p53 plays a pivotal role in the initiation phase of Farnesyl caffeate-induced HepG2 cell apoptosis. These results demonstrated Farnesyl caffeate-induced apoptosis in human lung carcinoma cell line. More detailed mechanism of Farnesyl caffeate-induced H157 apoptosis remains to be elucidated.
Introduction
Various natural products have been reported to exert their anti-tumor effects by induction of cancer cell apoptosis. Propolis is a resinous substance that is collected by honeybees from plant sources and is thought to play a protective role against potential predators [1, 2] . Propolis has been used in folk medicine and has been reported to possess therapeutic and prophylactic effects against inflammation, diabetes mellitus and cancer. Propolis contains up to 30 or more different flavonoid aglycones as well as a variety of phenolic compounds [3] [4] [5] [6] . Recently, esters of cinnamic acids were identified from propolis [7] . One of these, Farnesyl caffeate has been shown by sensitizing experiments to be the main contact allergen in propolis, causing a contact dermatitis that is observed in bee-keepers and increasingly in persons using propolis preparations in "natural cures" and "biocosmetics" [8] .
Apoptosis is a genetically engineered self-destructive mechanism of cell death. It is accompanied by various morphological changes like nuclear condensation and fragmentation, isolation of cytoplasmic organelles into discrete regions, formation of surface membrane blebs and fragmentation of the dead or dying cell into membrane-bound bodies [9] [10] [11] . Apoptosis is executed by caspases, a family of intracellular aspartate-specific cysteine proteases, which amplify the apoptotic signal and proteolytically process numerous cellular target molecules with different functions [12] . A hallmark of DNA damage triggered apoptosis is reduced Bcl-2 expression, which was followed by caspase-9/caspase-3 activation and DNA degradation. Many Bcl-2 family proteins reside the mitochondrial outer membrane. The balance between Bax and Bcl-2 determines the fate of cells in many apoptotic systems. Bcl-2 and Bcl-xL can be cleaved by caspase-3 and cleavage of these proteins ap-Effect of Farnesyl Caffeate-Induced Apoptosis of Lung Carcinoma Cell Line from Damage to DNA 690 pears to inactivate their survival function. In response to the death stimuli, the mitochondorial membranes are permeabilized, resulting in the release of cytochrome c. In the cytosol, cytochrome c activates apoptosis by binding and activating apoptotic protease activating factor-1 (Apaf-1)-caspase-9-complex, which forms an apoptosome acting as a processing/activation center for the downstream caspase-3 [13] [14] [15] [16] . However, the detailed antiproliferative and molecular mechanism behind the apoptosis of carcinoma cell line is not clear yet. Therefore, the present study was designed to investigate if p53 contributed to Farnesyl caffeate-induced cell apoptosis, the involvement of Bax, Bcl-xL and ERK pathway in the release of cytochrome c amplified activation of caspase cascade, in promoting apoptosis in lung carcinoma cell line (H157).
Materials and Methods

Chemicals and Reagents
Farnesyl caffeate was dissolved in dimethyl sulfoxide (DMSO). Hoechst 33258, Ribonuclease A, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrasodium bromide) and propidium iodide (PI) were purchased from Sigma Aldrich Company (St. Louis, MO). The MTT assay kit (Cell Titer 96 Aqueous One Solution Cell Proliferation Assay) was purchased from Promega Corp. (Madison, WI, USA). Polyclonal antibody against cleaved caspase-3, cleaved caspase-7 and cleaved caspase-9, and cleaved PARP, and caspase-3, caspase-7 and caspase-9, and PARP, Bcl-xL (54H6), p21, phosphor-p44/42 MAPK, and p44/42 MAP kinase were purchased from Cell Signaling Technology (Danvers, MA, USA). GAPDH (FL-335), p53 (DO-1), Bcl-2 (C-2) and Bax (2D2) antibodies were purchased from Santa Cruz (Santa Cruz, CA, USA).
Synthesis of Farnesyl Caffeate
Synthesis of Farnesyl caffeate was prepared as described previously [17] .
Cell Line and Cell Culture Conditions
H157 human lung carcinoma cell were supplied by the American Type Culture Collection (Rockville, MD). Cells were maintained in RPMI 1640 (Gibco BRL, Grand Island, NY) supplemented with 10% heat-inactivated fetal bovine serum, 20 mM HEPES (pH 7.4), penicillin (100 IU/ml), streptomycin (100 μg/ml), and 4 mM glutamine (Invitrogen Corp., Carlsbad, CA, USA) in a humidified atmosphere of 95% air and 5% CO 2 at 37˚C.
Cell Growth Inhibition Test
Growth inhibition was evaluated by MTT (Thiazolyl blue, Sigma) methods. Briefly, H157 cell (3 -5 × 10 3 /cell) seeded in 96 well plates were cultured for 24 h, then various concentrations of HA5 were added and cultured for 24 h. MTT test were performed to detect cell growth using an enzyme-liked imunosorbent assay (ELISA) plate reader. Each experiment was performed in six replicate wells for each drug concentration and was independently performed four times. The IC50 value was defined as the concentration needed for a 50% reduction in the absorbance, as calculated based on the survival curves.
Cell Morphological Characteristics
H157 cells in PRMI-1640 containing 10% FBS were seeded into 25 ml culture bottles and incubated overnight. 2.5 -10 μM of HA5 was added to the cell culture, and the cellular morphology was observed using Olympus microscope (Olympus, Japan) at 24 h.
Nuclear Damage Observed by Hoechst 33258 Staining
Apoptotic nuclear morphology was assessed using Hoechst 33258 as described previously [18] . Cells were fixed with 3.7% paraformaldehyde at room temperature for 2 h, then washed and stained with 167 mM of Hoechst 33258 at 37˚C for 10 min. At the end of incubation, cells were washed and re-suspended in PBS for observation of nuclear morphology using fluorescence microscope (Olympus, Japan).
Determination of DNA Fragmentation by Agarose Gel Electrophoresis
DNA extraction and electrophoresis were performed as described previously [18] . Briefly, H157 cells were treated with 10 μM HA-5 for 24, 48 and 72 h. The cell pellet was suspended in cell lysis buffer and kept at 4˚C for 10 min. The lysate was centrifuged at 12,000 × g for 20 min. The supernatant was incubated with RNase a 40 mg/ml (Sigma) at 37˚C for 60 min. The supernatant was mixed with 0.5 M NaCl and 50% 2-isopropanol at −20˚C overnight, then centrifuged at 12,000 × g for 20 min. After drying, DNA was dissolved in TE buffer and separated by 2% agarose gel electrophoresis at 80 V for 2 h and stained with 0.1 mg/ml ethidium bromide. DNA fragments were visualized by ultraviolet transillumination.
The Cell Cycle Analysis by Flow Cytometry
After indicated treatments, cells were rinsed with icecold PBS (pH 7.4) and fixed with 70% cold ethanol at 4˚C for overnight. Before flow cytometric assays, cells were washed twice with ice-cold PBS and fixed cells were resuspended in PBS containing 0.1 mg/ml RNAase at room temperature for 30 min, and then cells were added 50 μg/ml propidium iodide (Sigma-Aldrich). The stained nuclei were analyzed using a FACSCalibur (BD Biosciences, NJ, USA). At least 10,000 events were analyzed, and the percentage of cells in the sub-G1 population calculated. Aggregates of cell debris at the origin of the histogram were excluded from the sub-G1 cells. DNA histograms were created using Cell Quest TM software for Apple Macintosh (Becton Dickinson).
Western Blotting Analysis
H157 cells were treated with 2.5 μM Farnesyl caffeate for 0, 24, 48 and 72 h. Cells were collected and frozen at −80˚C. Western blot analysis was performed as described previously [18] . Cells were washed with PBS and lyses at 0˚C for 30 min in lysis buffer (20 mM Hepes (pH 7.4) 2 mM EGTA, 50 mM glycerol phosphate, 1% Triton X-100, 10% glycerol, 1 mM dithiothreitol, 1 mM Phenylmethylsulfonyl fluoride, 10 g/ml leupeptin, 10 g/ml aprotinin, 1 mM Na 3 VO 4 , and 5 mM NaF). Equal amounts of protein were separated by 6% -15% SDS-PAGE followed by electrotransfer onto a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA). The membranes were blocked for 4 h with TBS-T (10 mM Tris-HCl, 150 mM NaCl and 0.1% Tween-20) containing 5% nonfat milk and then incubated at room temperature with primary antibodies. The blots were washed four times for 15 min with 0.1% Tween 20-containing TBS-T and then incubated for 1 h with peroxidase-conjugated secondary antibodies (1:5000, Jackson Immuno Research Inc., West Grove, PA, USA). After three more washes, proteins were detected by chemiluminescence detection system (iNtRON Biotech, Seoul, Korea) and the images were obtained with LAS-4000 mini (Fuji, Tokyo, Japan). 
Statistical Analysis
Farnesyl Caffeate Induces Apoptotic Cell Death in H157 Cells
To determine whether Farnesyl caffeate-induced H157 cell death was caused by apoptosis, we examined the morphological changes and DNA fragmentation. We observed a decrease in the total number of cells and an accumulation of cells floating in the culture medium after 24 h treatment with 0.5 -20 μM of Farnesyl caffeate, indicating Farnesyl caffeate-induced cell death in dosedependent manner (Figure 1) . Nuclear morphological changes were also observed by Hoechst 33,258 staining.
In contrast, H157 cell in control were round in shape and stained homogeneously. After 24 h treatment with 2.5 -10 μM of Farnesyl caffeate, blabbing nuclei and granular apoptotic bodies appeared (Figure 2) . DNA fragmentation appeared obviously after 2.5 -10 μM of Farnesyl caffeate treatment for 24 h on agarose gel electrophoresis (Figure 3(a) ). To determine whether the decrease in cell viability was attributable to apoptosis, cells were stained with FITC conjugated Annexin V plus PI and evaluated by FACS (Figure 3(b) ). Cell underwent apoptotic cell death in response to Farnesyl caffeate.
Caspases Activation Relevant to Farnesyl Caffeate-Induced H157 Cell Death
Western blot analysis was performed to confirm the participation of caspase-3, caspase-7 and caspase-9. The 17 kDa and 19 kDa band of caspase-3 were degraded after 48 -72 h treatment with Farnesyl caffeate 25 μM ( Figure  4) . Similar results were also obtained with caspase-7 and caspase-9 (Figure 4) . The characteristic associated with the execution phase of the apoptosis pathway is the specific PARP cleavage by caspases. This cleavage leads to inactivation of the enzyme, thus preventing futile DNA repair cycles. It has been reported that capase-3 is the most efficient processing enzyme for PARP. Cleavage of PARP was examined after treatment with Farnesyl caffeate. As expected, the amount of the 89 kDa degraded product increased after 48 -72 h treatment with Farnesyl caffeate (Figure 4) . These results indicate that caspase-3 is activated in Farnesyl caffeate induced apoptosis in H157 cell. 
Accumulation of p53 and Down Regulation of ERK in Farnesyl Caffeate-Induced Apoptosis
To ascertain whether p53 and ERK is required in Farnesyl caffeate-induced cell apoptosis, H157 cell were treated with Farnesyl caffeate at 25 μM for 24, 48 and 72 h. The expression of p53 increased at 48 h and 72 h. The expression of p53 increased at 24 h and then these expressions declined at 48 -72 h gradually. In contrast, the expression of ERK1/2 increased at 24 h and then markedly decreased at 72 h (Figure 6) . The results suggest that ERK and p53 activation were required for Farnesyl caffeate-induced apoptotic pathway.
Discussion
In this study, we showed that Farnesyl caffeate inhibited the growth of lung carcinoma cell line (H157) in dosedependent manner. Morphological changes of nuclei by staining Hoechst 33258 and DNA fragmentation suggested that Farnesyl caffeate-induced H157 cell death involved in a mechanism of apoptosis. MTT assay suggested significant antiproliferative effect of Farnesyl caffeate varied depending on the cell line. Further understanding the mechanism behind the Farnesyl caffeateinduced apoptosis in lung carcinoma cells promotes this compound as a valid anti-cancer agent. Farnesyl caffeate treated cells displayed characteristic ladder-like patterns compared to untreated cells. Further flow cytometric analysis indicated decreased relative size and increased internal complexity in the treated cells indicating apoptosis. PAPR (116-kDa), a DNA repair enzyme, is probably best characterized caspase substrate, which is cleaved during apoptosis to a 24-kDa and a 85-kDa fragment representing the N-terminal DNA-binding domain and the C-terminal catalytic subunit, respectively. During apoptosis, PARP is selectively cleaved by several caspases, especially by caspase-3 [19] . Detection of an 85-kDa or 24-kDa caspase cleavage fragment of PAPR was shown to be a hallmark of apoptosis. In this study, the bands of procaspase-3 were degraded after Farnesyl caffeate administration, followed by the degradation of caspase-3 substrates, PARP minor 85-kDa fragment was increased. The activation of caspase-3 and PAPR cleavage were associated in the Farnesyl caffeate-induced apoptosis similar to the apoptosis reported in some anti-cancer drugs [20] . It seems that the expression of caspase-7 and caspase-9 would be essential to further understand the exact role of caspase's in the Farnesyl caffeate-induced apoptosis. These results suggest that the caspase cascade plays a critical role in Farnesyl caffeate-mediated H157 cell line apoptosis.
The extracellular signal regulated kinase is an important mediator of signal transduction processes that serve to coordinate the cellular responses to a variety of extracellular stimuli [16] . We showed that the expression of p53 was reduced, suggesting Farnesyl caffeate-induced apoptosis through activation of p53 in response to DNA damage. Several pro-apoptotic proteins, such as Bax and Bak, translocate to the mitochondrial membrane, and this localization is associated with their pro-apoptotic activities. It has been reported that Bcl-2 could exert its action through heterodimerization with Bax. Bcl-2 and Bcl-xL are cleaved by caspase-3, and are converted to proapoptotic protein similar to Bax. Therefore, the ratio between Bcl-2 and Bax or Bcl-xL and Bax is a decisive factor to activate cell death [21] [22] [23] [24] [25] . H157 cell treated with Farnesyl caffeate exhibited the elevated ration between pro-apoptotic Bax and anti-apoptotic Bcl-2 or Bcl-xL. The oligomerization of Bax in the mitochondrial membrane has been shown to induce cytochrome c release, meanwhile pro-apoptotic Bcl-2 cleavage product was reported to localize on mitochondrial membrane and caused release of cytochrome c [26] [27] [28] . In this study, the protein expression of cytochrome c was markedly up regulated followed by the changes of Bcl-2/Bax and BclxL/Bax ratios in H157 cell treated by Farnesyl caffeate. These results suggested that the mitochondrial pathway of cell death, including Bcl-2 family and cytochrome c, might be involved in H157 cell death and orchestrates the caspase cascades. We demonstrated that Farnesyl caffeate-induced apoptosis in H157 cell via accumulation of p53, alters the Bax/Bcl-2 ration, and activates caspases, resulting in cytochrome c release from the mitochondria. More detailed mechanism of Farnesyl caffeate-induced human lung carcinoma cell apoptosis remains to be elucidated.
